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ABSTRACT
Background: Typically, little consideration is given to the allocation of
indirect costs (overheads and capital) to hospital services, compared to the
allocation of direct costs. Weighted service allocation is believed to provide
the most accurate indirect cost estimation, but the method is time
consuming.
Objective: To determine whether hourly rate, inpatient day, and marginal
mark-up allocation are reliable alternatives for weighted service allocation.
Methods: The cost approaches were compared independently for appen-
dectomy, hip replacement, cataract, and stroke in representative general
hospitals in The Netherlands for 2005.
Results: Hourly rate allocation and inpatient day allocation produce esti-
mates that are not signiﬁcantly different from weighted service allocation.
Conclusions: Hourly rate allocation may be a strong alternative to
weighted service allocation for hospital services with a relatively short
inpatient stay. The use of inpatient day allocation would likely most
closely reﬂect the indirect cost estimates obtained by the weighted service
method.
Keywords: cost comparison, hospital service, indirect cost allocation,
methodology, overheads.
Introduction
Economic evaluations are a prerequisite for the reimbursement
and implementation of hospital services in many countries
because they can provide health-care decision-makers with valu-
able information on the relative efﬁciency of different services
[1,2]. To be able to support management decisions, direct and
indirect cost estimations should therefore be associated as closely
as possible with the patients who cause them to be incurred [3].
Nevertheless, the assessment of actual resource use is lengthy and
expensive, especially when hospital information systems are
absent or inadequate [1,4].
Indirect cost components generally concern overheads
(general expenses, administration and registration, energy, main-
tenance, insurance, and the personnel costs of nonpatient
services, like management and administration) and capital
(depreciation of buildings and inventory and interest). They often
comprise a large proportion of the overall costs of hospital
services [3,4]. In a study of St.-Hilaire et al. (2000) carried out in
Canada, indirect costs were estimated to represent between 35%
and 40% of the total costs of hospital services [5]. More recently,
Oostenbrink et al. (2002) have estimated the proportion of indi-
rect costs to be 24% in The Netherlands [6]. Nevertheless, com-
pared to the allocation of direct cost components, usually, little
consideration is given to the allocation of indirect cost compo-
nents to hospital services [4,5]. St-Hilaire et al. (2000) have
suggested that the lack of interest and theoretical support for the
estimation of indirect costs is mainly due to their arbitrary nature
[5]. An invalid estimation of indirect costs may completely wipe
out the time and effort spent on the cost determination of the
direct costs. To generate valuable information for decision-
making, it is therefore recommended to gain a better understand-
ing of the distribution of indirect cost components [3].
There are two types of indirect cost allocation [4]. First, the
allocation of indirect costs from the supporting departments to
the medical departments within the hospital should be consid-
ered using e.g., cost center allocation or activity-based costing
[1,4,5]. Nevertheless, the present article will focus on the second
type of allocation, which allocates indirect costs within the
medical department to speciﬁc patient (-group)s. Cost center
allocation and activity-based costing are not applicable to this
type of allocation, because these methods assume that the indi-
rect costs have a cause-and-effect relationship with the depart-
ment rather than with patients. Therefore, no allocation base or
cost driver can trace indirect costs to the actual resource utiliza-
tion of patients in an economically feasible way [4,6].
Finkler et al. (2007) have described four basic methods for
the distribution of indirect costs within the medical department
to speciﬁc patient (-group)s [4]. The ﬁrst method is weighted
service allocation, which establishes the relative costs of each
patient by assigning relative value units. The method is believed
to most closely reﬂect actual resource consumption. Neverthe-
less, it is very time consuming to observe the actual resource use
of each patient and to convert the various resource use compo-
nents into units suitable for assessing relative value units [4].
Therefore, most economic evaluations apply hourly rate alloca-
tion, inpatient day allocation, or marginal mark-up allocation.
The hourly rate method employs service time of the primary
treatment as a proxy for resource consumption, yielding a cost
per treatment minute. In inpatient day allocation, all patients are
assumed to have the same indirect costs per inpatient day regard-
less of their actual resource use. Marginal mark-up allocation
distributes indirect costs to direct costs by raising the direct costs
with a mark-up percentage.
Cost estimates based on actual resource use are relevant for
both economic evaluations as well as price setting for hospital
management and health insurance purposes [2]. Decision-makers
must consider whether the beneﬁts of more reliable cost infor-
mation justify the additional costs incurred in obtaining accurate
and detailed information [4,5]. Nevertheless, even though indi-
rect costs often represent a large share of the total cost of hospital
services, no studies have quantiﬁed the cost differences that result
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from the application of the different methods for the allocation of
indirect costs within the medical department to patient (-group)s.
Hence, the aim of the present study was to determine whether
hourly rate, inpatient day, and marginal mark-up allocation are
reliable alternatives for weighted service allocation. We report
the results of a costing exercise designed to collect and compare
the indirect cost allocation approaches independently for appen-
dectomy, hip replacement, cataract, and stroke in representative
general hospitals in The Netherlands for 2005. These hospital
services represent large burden of disease measured as number of
people affected or costs related in many developed and develop-
ing countries [7,8]. The hospital services serve as illustrations, on
the basis of which we attempt to formulate general methodologi-
cal recommendations.
Methods
The costing exercise was conducted as part of the European
Union (EU) funded research project HealthBASKET (full title:
Health Beneﬁts and Service Costs in Europe, contract no.
FP6 501588). Retrospective cost analyses were conducted at
18 general hospitals in The Netherlands for appendectomy
(n = 100), hip replacement (n = 70), cataract (n = 70), and stroke
(n = 70) from the hospital perspective. The study included 100
males between 14 and 25 years of age who presented at the
hospital with acute abdominal pain, 70 females between 65 and
75 years of age with hip osteoarthritis requiring hip replacement
because of considerable impairment, 70 males between 70 and
75 years of age who received diagnosis of Cataracta Senilis, and
70 otherwise healthy females between 60 and 70 years of age
with severe hemiparesis, aphasia, and dependency.
Direct cost estimates were determined using the microcosting
methodology, in which all relevant cost components from hospi-
tal admission to discharge of the patient were deﬁned at the most
detailed level. Direct costs included diagnostics (imaging, labo-
ratory, and other diagnostics), drugs, labor (direct patient time of
medical specialists, fellows, nurses, and other staff), inpatient
stay (hotel and nutrition and the indirect patient time of nurses),
and devices. Details of the direct cost analyses are described in
detail elsewhere [9–12].
Indirect cost components included overheads and capital and
were appointed to hospital services using weighted service allo-
cation, hourly rate allocation, inpatient day allocation, and mar-
ginal mark-up allocation. Annual direct and indirect costs were
taken from the annual accounts of the participating hospital
departments. All costs were based on the 2005 cost data. Where
necessary, costs were adjusted using the general price index of the
Dutch Central Bureau of Statistics [13].
Weighted Service Allocation
The weighted service method establishes the relative cost of each
patient by assigning a base value to the elementary resource use
of the hospital service and adding relative values to this base
value when the patient incurred additional resource use [4]. For
each hospital service, all participating hospitals were included in
an ordinary least squares (OLS) regression analysis. OLS regres-
sion was chosen because the technique means to disentangle the
relationship between an outcome variable (also called dependent
variable) and predictor variables (also called independent vari-
ables). Direct costs were taken as the dependent variable and
department and treatment characteristics as explanatory vari-
ables. Department characteristics consisted of the number of
beds per department, bed occupation, and the number of sur-
geons per department. Treatment characteristics comprised in-
patient stay, drug costs, treatment time, and use of additional
interventions (cemented hip [yes/no] for hip replacement; throm-
bolysis [yes/no] for stroke). Data on treatment characteristics
were analyzed at the hospital level because individual patient
data were not available. A full model was assembled using back-
ward regression. The b0-coefﬁcient of the model was considered
the elementary resource use of each hospital service. Subse-
quently, the corresponding b-coefﬁcients of the explanatory vari-
ables that were signiﬁcantly associated with the direct costs were
assumed to add a relative value. Based on the weighted service
method, the predicted indirect costs per patient were estimated
by dividing annual direct costs by the product of the predicted
direct costs and annual indirect costs.
Hourly Rate Allocation
The hourly rate method employs service time of the primary
treatment as a proxy for resource consumption, yielding a cost
per treatment minute. The unit costs per treatment minute were
determined by dividing the annual indirect costs by the total
number of workable minutes of the medical specialists of the
corresponding hospital departments in 2005.
Inpatient Day Allocation
In inpatient day allocation, all patients are assumed to have the
same indirect costs per day regardless of their actual resource use.
The annual indirect costs were divided by the total number of
inpatient days in 2005 to calculate the unit costs per inpatient
day.
Marginal Mark-up Allocation
In marginal mark-up allocation, indirect costs are distributed to
direct costs by raising the direct costs with a mark-up percentage.
The mark-up percentage was determined by dividing annual
indirect costs by annual direct costs.
Comparison of Methodologies
In addition to descriptive statistics, the Friedman test was per-
formed to detect cost differences between the four methods for
each of the hospital services. Indirect cost estimates of hourly
rate, inpatient day, and marginal mark-up allocation were com-
pared with those of weighted service allocation by means of cost
differences and the Wilcoxon signed ranks Z-test. Statistical
analyses were conducted with the statistical software program
SPSS for Windows version 13.0 (SPSS Inc., Chicago, IL).
Results
Appendectomy
The weighted service method resulted in overhead costs of €647
(SD 201) and capital costs of €237 (SD 100; Table 1). The
indirect costs contributed to 39% of the total costs. Treatment
time and drug costs were considered to add relative value to the
base value (Table 2). The overhead estimate based on hourly rate
allocation was somewhat higher compared to weighted service
allocation (€738; SD 615), whereas the estimate obtained using
marginal mark-up allocation was somewhat lower (€397; SD 32;
Table 1). The indirect cost estimates obtained using the inpatient
day method were virtually equal to those using the weighted
service method.
Hip Replacement
The weighted service method resulted in overhead costs of €1733
(SD 658) and capital costs of €618 (SD 256; Table 1). The bed
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occupation, number of surgeons, and treatment time were con-
sidered to add relative value to the base value (Table 2). Hourly
rate, inpatient day, and marginal mark-up allocation resulted in
slightly lower indirect costs than weighted service allocation
(Table 1).
Cataract
The overhead and capital costs in the weighted service method
totaled €203 (SD 66; Table 1) and were responsible for 29% of
the total costs. Although the model explained 81% of the direct
costs, there was only a weak signiﬁcance between the direct costs
and inpatient stay and between the direct costs and treatment
time (0.10 < P < 0.20). The indirect cost estimates obtained using
hourly rate allocation were more than twice as high as the
estimates using weighted service allocation. Inpatient day and
marginal mark-up allocation resulted in somewhat lower indirect
costs compared to weighted service allocation (Table 1).
Stroke
The weighted service method resulted in overhead costs of €5917
(SD 7375) and capital costs of €1100 (SD 849; Table 1). The
proportion of indirect cost components was 60% of the total
costs. Inpatient stay and treatment time were considered to add
relative value to the base value, albeit with a weak signiﬁcance
(0.10 < P < 0.20; Table 2). The capital estimate of the inpatient
day method was a bit higher than that of the weighted service
method. All other estimates were considerably lower than those
of weighted service allocation, ranging from 22% lower (over-
head estimate of the inpatient day method) to 71% lower (over-
head estimate of the marginal mark-up method) (Table 1).
Comparison of Methodologies
Table 3 presents the descriptive statistics of the indirect cost
estimates using weighted service, hourly rate, inpatient day, and
marginal mark-up allocation. The Friedman test showed signiﬁ-
cant differences between the four methods for appendectomy
(P = 0.006) and stroke (P = 0.029), whereas no signiﬁcant differ-
ences were found for hip replacement (P = 0.845) and cataract
(P = 0.418).
The extent to which the hourly rate estimates reﬂected the
weighted service estimates varied between hospital services.
Although cost differences ranged from -58% for stroke to
+137% for cataract, there were no statistically signiﬁcant differ-
ences, likely because of the relatively large SD (P > 0.219;
Table 3).
The indirect cost estimates according to the inpatient day
method were generally slightly lower than the estimates accord-
Table 1 Total cost estimates using weighted service, hourly rate, marginal mark-up, and inpatient day allocation (Euro 2005)
Weighted service
allocation
Hourly rate
allocation
Inpatient day
allocation
Marginal mark-up
allocation
Mean SD Mean SD Mean SD Mean SD
Appendectomy 2,282 322 2,431 246 2,278 297 2,002 246
Direct costs 1,398 125 1,398 125 1,398 125 1,398 125
Indirect costs 884 242 1,033 865 880 230 604 54
Overheads 647 201 738 615 643 191 397 32
Capital 237 100 295 260 237 100 207 29
Hip replacement 6,421 1,812 6,247 1,792 6,312 1,362 6,378 1,792
Direct costs 4,070 1,031 4,070 1,031 4,070 1,031 4,070 1,031
Indirect costs 2,351 868 2,177 1,391 2,241 521 2,307 848
Overheads 1,733 658 1,667 1,201 1,658 460 1,706 686
Capital 618 256 510 229 583 148 601 236
Cataract 690 180 969 166 668 146 630 166
Direct costs 487 127 487 127 487 127 487 127
Indirect costs 203 66 482 540 181 23 143 58
Overheads 147 49 350 390 131 20 104 47
Capital 56 20 132 154 50 10 39 14
Stroke 11,589 8,439 7,527 4,064 10,447 4,477 6,874 4,064
Direct costs 4,573 2,371 4,573 2,371 4,573 2,371 4,573 2,371
Indirect costs 7,017 7,483 2,954 3,961 5,874 2,263 2,301 1,243
Overheads 5,917 7,375 2,538 3,807 4,609 2,315 1,692 942
Capital 1,100 849 416 494 1,265 667 609 302
Table 2 Regression models used to deﬁne relative value units for the weighted service method
Independent variable
Appendectomy Hip replacement Cataract Stroke
R2 = 0.674 R2 = 0.752 R2 = 0.809 R2 = 0.874
Coefﬁcient SE Coefﬁcient SE Coefﬁcient SE Coefﬁcient SE
Constant 1065.77 ‡97.00 11663.71 †4678.90 32.70 *114.49 264.52 *1395.45
Department characteristics
Bed occupation (%) 132.48 *74.73
Number of surgeons (full-time units) 166.42 *187.25
Treatment characteristics
Inpatient stay (days) 646.02 *447.55 186.57 *123.72
Treatment time (minutes) 1.96 ‡1.14 7.10 *13.69 0.78 *4.61 3.48 *3.23
Drug costs (Euro 2005) 7.45 †2.66
*P < 0.20.
†P < 0.10.
‡P < 0.05.
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ing to the weighted service method. Wilcoxon signed ranks
Z-tests showed that the cost estimates of weighted service and
inpatient day allocation were not signiﬁcantly different for any of
the hospital services (P > 0.688; Table 3).
The indirect costs using the marginal mark-up method were
substantially lower than those using the weighted service
method, with the exception of hip replacement. These cost
differences were consistently greater than those between the
weighted service and inpatient day method (P < 0.297; Table 3).
Finally, differences between hourly rate allocation and inpa-
tient day allocation, between hourly rate and marginal mark-up
allocation, and between inpatient day allocation and marginal
mark-up allocation were explored. Wilcoxon signed ranks
Z-tests only observed signiﬁcant differences between inpatient
day allocation and marginal mark-up allocation for appendec-
tomy (P = 0.002) and stroke (P = 0.016).
Despite the differences in indirect cost estimates, the total
(direct and indirect) cost estimates are similar. Figure 1 shows
that the only important deviations between total cost estimate
using the weighted service estimate and the total cost estimates
using the other indirect cost methods are found with stroke.
Discussion
Even though weighted service allocation is believed to most
closely reﬂect actual resource use consumption, our results
suggest that hourly rate allocation and inpatient day allocation
produce estimates that are not signiﬁcantly different from
weighted service allocation. One particular allocation method
does not necessarily produce indirect cost estimates that are
always higher than those obtained using another method. For
example, where indirect costs for appendectomy and cataract
were lower using marginal mark-up allocation, they were higher
using hourly rate allocation in comparison to weighted service
allocation.
Generally, our study revealed that inpatient stay has a great
impact on the indirect cost estimates of the allocation methods.
The use of inpatient day allocation would likely most closely
reﬂect the indirect cost estimates obtained by the weighted
service method (Table 3). Nevertheless, inpatient day allocation
may underestimate the proportion of indirect costs in hospital
services with a short inpatient stay because the costs incurred
during treatment are allocated evenly to all inpatient days (the
inpatient day on which the treatment took place as well as
the subsequent inpatient days). Furthermore, the inpatient day
method fails to trace costs directly to the patients who incur
that cost. The result is that costs are allocated by averaging
[1,4,6].
Hourly rate allocation might be a weak alternative to
weighted service allocation for hospital services with a long
inpatient stay (such as stroke; Table 3). The logic of the hourly
rate method is that longer primary treatments consume more
resources. Therefore, hourly rate allocation may overestimate the
share of indirect costs in hospital services with a short inpatient
stay because the costs incurred by patients that are admitted are
allocated evenly to the treatment time of all patients (including
those that are not admitted). Additionally, the approach assumes
the primary treatment (i.e., thrombolysis time) to be the most
important cost driver, which is not the case for all hospital
services [4].
Compared to weighted service allocation, marginal mark-up
allocation resulted in 30% lower indirect costs for appendectomy
and cataract (with average inpatient stay of 2.4 and 0.5 days,
respectively) and even 67% lower indirect costs for stroke (with
average inpatient stay of 15.9 days; Table 3). This ﬁnding reﬂects
the main disadvantage of the method, speciﬁcally the explicit
assumption of linearity between direct and indirect costs [4,6].
In practice, many factors play a role in the decision about
which indirect cost method is most appropriate. One consider-
ation lies in the aim of the indirect cost calculation. Weighted
service allocation is preferably performed as part of economic
evaluations because the methodology allows for the calculation
of actual cost per individual patient (-group)s [4]. Nevertheless,
there may conceivably be evaluations for which one of the
simpler methods will sufﬁce because the result is unlikely to
change, irrespective of the estimation assumed for the cost of
hospital care. Inpatient day allocation is generally performed to
support budgetary decisions, for which an average cost measure
per patient from the hospital (management) perspective is
employed [1].
Another consideration lies in the feasibility of the indirect
cost method. The feasibility of an indirect cost method may be
Table 3 Indirect cost estimates for the weighted service, hourly rate, marginal mark-up, and inpatient day allocation (Euro 2005)
Hospital
sample, n
Patient
sample, n
Indirect cost,
mean SD
Mean difference
compared to
weighted service
Wilcoxon signed
ranks Z-test
exact sig. (twotailed)
Appendectomy
Weighted service allocation 10 100 884 242 — —
Hourly rate allocation 10 100 1.033 865 149 1.000
Inpatient day allocation 10 100 880 230 -4 0.922
Marginal mark-up allocation 10 100 604 54 -280 0.002
Hip replacement
Weighted service allocation 7 70 2.351 868 — —
Hourly rate allocation 7 70 2.177 1.391 -174 0.813
Inpatient day allocation 7 70 2.241 521 -110 0.688
Marginal mark-up allocation 7 70 2.307 848 -44 1.000
Cataract
Weighted service allocation 7 70 203 66 — —
Hourly rate allocation 7 70 482 540 278 0.469
Inpatient day allocation 7 70 181 23 -22 0.938
Marginal mark-up allocation 7 70 143 58 -60 0.297
Stroke
Weighted service allocation 7 70 7.017 7.483 — —
Hourly rate allocation 7 70 2.954 3.961 -4.062 0.219
Inpatient day allocation 7 70 5.874 2.263 -1.143 0.688
Marginal mark-up allocation 7 70 2.301 1.243 -4.716 0.031
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associated with the availability of time and data. For example,
the choice for weighted service allocation depends on the pres-
ence and adequacy of the standard relative value units in a
particular institution [4].
Finally, the type of hospital service plays a role in the decision
about which indirect cost methods is most appropriate. Hourly
rate allocation is obviously less appropriate for hospital services
in which the primary treatment is not the most important cost
driver. Marginal mark-up allocation may not be sufﬁciently accu-
rate for hospital services that incur a wide direct cost variation
between patient (-group)s. The overriding principle to bear in
mind in considering approaches for the allocation of indirect
costs is that all approaches are inherently arbitrary [4]. More-
over, the method used to estimate the indirect costs may reﬂect
political, economical, or administrative trends, which make the
estimation highly subjective [5].
A lack of time and data prevented us from assessing the
indirect cost differences of other hospital services than appendec-
tomy, hip replacement, cataract, and stroke. Additionally, for
some medical departments, it was necessary to rely on annual
direct and indirect cost estimates rather than on concrete data
because cost information was difﬁcult to obtain. In some cases,
imputation from the hospital level to the department level was
used. Future studies could determine whether our conclusions are
generalizable to other hospital services, hospital (department)s,
and countries.
Lack of certain data forced us to make important choices
about the units of measurement used, namely for the weighted
service method. We determined the relative value units of the
weighted service method on the basis of direct cost components
that were sometimes only poorly signiﬁcantly associated with the
direct costs (P > 0.10; Table 2). Besides, no characteristics at the
patient level were available for the determination of relative
value units.
Medical practice and severity of illness within each hospital
service might vary across hospitals, which may have affected the
resource use and total costs of our patient sample. Although our
conclusions were based on the information obtained from a
sample of hospitals, we believe that this sample was sufﬁciently
representative of all Dutch hospitals. The average number of
beds per hospital in our sample was 497 beds, which is close to
the average number of beds per hospital in The Netherlands (453
beds) [13]. Moreover, the hospitals in our study were located in
different regions in The Netherlands.
Little consideration is usually given to the allocation of indi-
rect cost components to hospital services. This is reﬂected by the
poor information that is provided regarding indirect costs in
publications that report on economic evaluations. To ensure
quality and comparability of costing approaches in costing
studies, it is important for each economic evaluation to report on
the indirect cost components included and the indirect cost allo-
cation method used.
To our knowledge, no previous studies have ever compared
the cost estimates resulting from different allocation methods for
the distribution of indirect costs within the medical department
to patient (-group)s. Nevertheless, some studies have assessed the
cost differences arising from different allocation methods for the
distribution of indirect costs from the supporting departments to
the medical departments within the hospital (among others:
[5,14]). Other studies have compared indirect cost allocation
methods for the distribution of cost components that were
regarded as direct cost components in our study, e.g., indirect
patient time of nurses (among others: [15]). Considering the fact
that indirect costs often comprise a large proportion of the
overall costs of hospital services [5,6], a better understanding of
the distribution of indirect cost components at the department
level seems justiﬁed.
Within a decision theory framework, erroneous estimation of
the indirect costs could lead to incorrect assessment of research
a
b
c
Figure 1 (a) Relationship between the total cost estimates using weighted
service and hourly rate allocation for the estimation of indirect costs (Euro
2005). (b) Relationship between the total cost estimates using weighted service
and inpatient day allocation for the estimation of indirect costs (Euro 2005). (c)
Relationship between the total cost estimates using weighted service and
marginal mark-up allocation for the estimation of indirect costs (Euro 2005).
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priorities and inappropriate allocation of resources. Even though
the weighted service method is believed to be the most objective
measurement of distributing indirect costs at the medical depart-
ment level to individual hospital services as well as the key
method to reimbursement, the present study generally found no
statistically signiﬁcant relationship between the allocation
method employed and the indirect costs produced. The use of
inpatient day allocation would likely most closely reﬂect the
indirect cost estimates obtained by the weighted service method.
Besides, hourly rate allocation may be a strong alternative to
weighted service allocation for hospital services with a relatively
short inpatient stay.
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